
METHOD AND APPARATUS FOR INSTALLATION OF DENTAL IMPLANT 



This invention relates to a method and apparatus for installing a dental 

10 implant in the alveolar or basal bone of a patient. 

More particularly, the invention relates to a method and apparatus for a 
dental implant which reduces the likelihood of the implant becoming infected, which does 
not require an opening of precise size to be drilled or formed in the alveolar bone to 
receive the dental implant, which can mount an implant on existing alveolar bone without 

15 requiring alteration of the structure of the bone, which prevents the juncture of the dental 
implant and artificial tooth attached to the implant from being exposed in the event the 
patient's gums recede, which enables bone mass lost as the patient ages to be replaced, and 
which enables an implant to be used when drilling an opening in the alveolar bone is 
precluded due to the existence of a nerve in the bone. 

20 Dental implants are well known in the art. See, for example, U. S. Patent 

Nos. 5,006,070 to Komatsu, 4,693,686 to Sendax, 4,812,120 to Flanagan et al, 
4,818,559 to Hama et al., 4,671,768 to Ton, and 4,175,565 to Chiarenza et al. Such 
prior art dental implants and methods for installing the same have disadvantages. 

First, the implants normally must be press fit or wedged into an opening 

25 formed in the alveolar bone. Force fitting an implant into the alveolar bone is not 
desirable because it is uncomfortable for the patient, runs the risk of cracking the jaw 
bone, further damages the bone, and, most importantly, increases the likelihood of 
infection because dental implants ordinarily are provided with an assortment of ridges, 
points, or teeth which serve as desirable sites for bacteria, both before and after the 

30 implant is inserted in the bone. As a consequence, dental implants typically appear 
medieval . 
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Second, force fitting an implant in the alveolar bone requires that the 
opening formed in the bone have a specific size which roughly conforms to the outer 
dimensions of the implant so the implant can be force fit into the opening. If a dental 
surgeon selects a drill of improper size, or waggles the drill while forming the hole in the 
5 alveolar bone, the implant may not seat properly in the bone and will work free from the 
jaw. 

Third, the surface area of the portion of the implant imbedded in the jaw 
is typically reduced because of the common belief that fenestrations of various size must 
be formed in the implant to permit bone to grow through and anchor the implant. 
10 Fourth, conventional implant procedures often can not be used because the 

drilling of a opening in the alveolar bone is prohibited by a nerve which passes through 
the bone. 

Fifth, conventional implant procedures also often can not be successfully 
used when the jaw bone has significantly receded, as can be the case with older patients. 
15 Sixth, conventional implant procedures do not offer a way of replacing 

alveolar bone which has been lost due to aging or to some other cause resulting in injury 
to the bone. 

Seventh, conventional implant procedures typically do not permit the ready 
adjustment of the position of the implant after the implant is inserted in the opening 

20 formed in the alveolar bone. Correcting the position of an improperly installed implant 
is often difficult, unless the implant is completely removed from the alveolar bone, which 
is a time consuming process. 

Accordingly, it would be highly desirable to provide an improved dental 
implant method and apparatus which would not require the force fining of an implant in 

25 the alveolar bone, would not require the formation of a specific size opening in the jaw 
bone, would provide an implant less likely to loosen after being inserted in the alveolar 
bone, would permit an implant to be used on alveolar bone housing a nerve, would enable 
implants to be successfully utilized on alveolar bone which has receded with age, and 
would permit the position of the implant to be readily adjusted after the implant is inserted 

30 in an opening in the alveolar bone, 
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Therefore, it is a principal object of the invention to provide an improved 
dental implant method and apparatus. 

Another object of the invention is to provide an improved dental implant 
which can be inserted in an opening in the alveolar bone without requiring that the opening 
5 must, within close tolerances, have a specific shape and dimension 

A further object of the invention is to provide an improved dental implant 
which permits ready adjustment of the position of the implant after the implant is placed 
in an opening formed in the jawbone. 

Still another object of the invention is to provide a dental implant method 
10 which permits an implant to be attached to alveolar bone housing a nerve, 

Yet a further object of the invention is to provide a dental implant method 
which allows an implant to be utilized on alveolar bone which has experienced significant 
loss and recession of its mass. 

Another and further object of the instant invention is to provide an improved 
15 dental implant which is less likely to loosen after insertion in the alveolar bone. 

These and other, further and more specific objects and advantages of the 
invention will be apparent to those skilled in the art from the following detailed description 
thereof, taken in conjunction with the drawings, in which: 

Fig. 1 is a front view of a dental implant apparatus constructed in 
20 accordance with the principles of the invention; 

Fig. 2 is a section view of the dental implant apparatus of Fig. 1 illustrating 
internal construction details thereof; 

Fig. 3 is a side view of a portion of the lower jaw bone illustrating the 
implant of Fig. 1 installed in an opening formed in alveolar bone; 
25 Fig. 4 is a top view of a portion of the jaw bone of Fig. 3 further 

illustrating the installation of the implant of Fig. 1 therein; 

Fig. 5 is a perspective view illustrating a sheet of protective material used 
to shield hydroxyapatite composition used to pack an implant into an opening in the 
alveolar bone; 

30 Fig. 6 is a top view of a portion of the lower jaw bone illustrating the 



insertion of an implant in an opening formed by laterally drilling into the jaw bone; 

Fig. 7 is a side view of the jaw bone of Fig. 7 further illustrating the lateral 
opening formed in the jaw bone; 

Fig. 8 is a side partial section view illustrating an alternate embodiment of 
the implant of the invention inserted in an opening formed in the alveolar bone; 

Fig. 8A is a side view illustrating a portion of the implant of Fig. 8 after 
the healing cap is removed; 

Fig. 9 is a perspective view illustrating a healing cap used in the implant 

of Fig. 8; 

Fig. 10A is a side section view illustrating normal alveolar bone structure 
around an incisor tooth; 

Fig. 10B is a side section view illustrating the recession of the alveolar bone 
structure from around the incisor tooth of Fig. 10A; 

Fig. IOC is a side view illustrating the insertion of an implant in the bone 
structure of Fig. IOC after the incisor tooth is removed or falls out; 

Fig. 10D is a side view illustrating the alveolar bone structure of Fig. 10B 
after the incisor tooth is removed and a circular drill is used to cut away some of the 
alveolar bone to form a cylindrical anchor peg; 

Fig. 10E is a side partial section view illustrating a dental implant slidably 
installed on the anchor peg of Fig. 10D and packed with a malleable hydroxyapatite 
composition; 

Fig. 10F is a side partial section view illustrating the alveolar bone structure 
of 10B after the incisor tooth is removed and an implant is slid onto the existing alveolar 
bone structure without altering the structure; 

Fig. 11 is a perspective view illustrating an implant of the type which can 
be fit to an existing alveolar bone structure; 

Fig. 12 is a side partial section view illustrating a molding procedure 
utilized in another embodiment of the invention; 

Fig. 13 is a perspective view of a sacrificial coping utilized in the 
embodiment of the invention illustrated in Fig. 12; 




- 5 - 

Fig. 14 is a perspective view illustrating another step in the molding 
procedure of Fig. 12; 

Fig. 15 is a perspective view illustrating a finished dental bridge produced 
according to the method of Figs. 12 and 14; 
5 Fig. 16 is a side partial section view illustrating an artificial tooth removably 

attached to an implant apparatus; 

Fig. 17 is a side partial section view illustrating a hip implant procedure; 

Fig. 18 is a partial side section view illustrating an interlocking opening 
formed in bone during an implant procedure according to the invention; and, 
10 Figs. 19 to 21 illustrate an alternate implant procedure in accordance with 

my invention. 

Briefly, in accordance with ray invention, I provide an improved dental 
implant. The implant comprises a body having a closed top and a bottom and a 
longitudinal axis extending through the top and bottom; and, a head supported on the top 

15 of the body and adapted to support an artificial tooth. The body extends downwardly from 
the top and terminates at a lower end remote from the head. The body includes a smooth 
continuous surface extending from the top to the bottom and defining the periphery of the 
top and the bottom. The smooth surface circumscribes the longitudinal axis. The body 
also includes a hollow centrally defined therein, circumscribed by the continuous surface, 

20 and extending into the body through the bottom a selected distance toward the top. The 
hollow only opens at the lower end of the body. The head can have a smaller width than 
the body. The hollow can be an involute. The continuous surface can be shaped such that 
when any cross section of the body is taken perpendicular to the longitudinal axis, each 
point on the continuous surface is generally equidistant from the longitudinal axis. 

25 In another embodiment of the invention, I provide a method of anchoring 

a dental implant in the alveolar bone of a patient. The method comprises the steps of 
forming an opening in the alveolar bone; inserting a dental implant in the opening, the 
implant comprising a body and a head supported on the body and adapted to support an 
artificial tooth, the dental implant only partially filling the space in the opening; and, 

30 packing the space in the opening which is unoccupied by the dental implant with a 
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hydroxyapatite composition. The opening can be large enough to permit the implant to 
be readily tilted from side to side after insertion in the opening. After the opening is 
packed with hydroxyapatite composition, the implant can be adjusted or tilted from side 
to side and the hydroxyapatite composition then repacked. 
5 In a further embodiment of the invention, I provide a dental implant 

comprising a body; a head supported on the body and having a longitudinal axis and 
including an upper portion adapted to support an artificial tooth and having a distal tip and 
a peripheral surface circumscribing the longitudinal axis and extending downwardly from 
the distal tip toward the body, and, a lower portion supported on the body; and, a healing 

10 cap. The healing cap is adapted to be removably attached to the upper portion of the head 
and includes a prophylactic portion which, when the healing cap is attached to the upper 
portion, slidably extends downwardly from the tip over and covers at least a portion of the 
peripheral surface such that when the implant is inserted in an opening in the alveolar 
bone, a solidified filler composition at least partially fills the opening, extends downwardly 

15 from the distal tip toward the body, and covers the prophylactic portion, the lower portion, 
and the body, and the healing cap is removed from the head, a space exists intermediate 
the portion of the peripheral surface and the solidified filler composition such that an 
artificial tooth can extend into the space and cover the distal tip of the head. The filler 
composition can be a hydroxyapatite composition. 

20 In still another embodiment of the invention, I provide a method of 

anchoring a dental implant to the alveolar bone of a patient. The method comprises the 
steps of placing the dental implant at a selected site on the alveolar bone, the dental 
implant comprising a body and a head supported on the body and adapted to support an 
artificial tooth; packing a malleable hydroxyapatite composition around the dental implant 

25 and against alveolar bone of the patient; and, covering the malleable hydroxyapatite 
composition with a pliable sheet of material to at least partially prevent gum tissue from 
growing into the hydroxyapatite composition while the hydroxyapatite composition 
solidifies. 

In yet another embodiment of the invention, I provide a dental implant for 
30 a ridge of alveolar bone normally at least partially covered by gum tissue. The implant 
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comprises a body having a top and a pair of opposed feet each extending downwardly from 
the top to a tip at a lower end remote from the top, the feet having an inner surface 
shaped, contoured, and dimensioned to conform to the ridge of alveolar bone when the 
gum tissue is removed from the ridge; and, a head supported on the body and adapted to 
5 support an artificial tooth. 

In yet still another embodiment of the invention, I provide a method of 
anchoring a dental implant to the existing alveolar bone of a patient, the bone having an 
existing outer surface. The method comprises the steps of removing alveolar bone to form 
an outwardly projecting anchor peg having a selected shape and dimension; and, inserting 

10 a dental implant over the anchor peg. The dental implant comprises a body and a head 
support on the body and adapted to support an artificial tooth. The body extends 
downwardly from the head to a lower end remote from the head and having an aperture 
formed in the lower end. The aperture is shaped and dimensioned to be slidably inserted 
on and conform to the outwardly projecting anchor. 

15 Turning now to the drawings, which depict the presently preferred 

embodiments of the invention for the purpose of illustrating the practice thereof and not 
by way of limitation of the scope of the invention and in which like reference characters 
refer to corresponding elements throughout the several views, Fig 1 illustrates dental 
implant apparatus which is constructed in accordance with the principles of the invention 

20 and includes a dental implant which has the general shape of a wine bottle and includes 
a cylindrical head 10 attached to a body 1 1 . The closed top 12 of body 1 1 has a smooth 
continuous conical outer surface which tapers from the smooth continuous outer cylindrical 
surface 14 of the bottom 11 into the smooth cylindrical outer surface 13 of head 10. The 
conical outer surface of top 12, as do smooth cylindrical surfaces 14 and 13, completely 

25 circumscribes longitudinal axis and centerline 18. Head 10 can, if desired, be bent at 
some selected angle with respect to axis 18 and body 1 1 as indicated by dashed lines 10B 
or can be tapered in the manner of head 10A in Fig. 12. The bottom of body 1 1 extends 
downwardly from the top 12 and terminates at lower end 17 remote from the head 10. 
Involute or hollow 15 is formed centrally within body 11, is circumscribed by continuous 

30 surface 14, and extends upwardly into body 1 1 a selected distance toward top 12. Hollow 
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15 opens only at the lower end 17. Head 13 has a smaller diameter than body 11 An 
internally threaded aperture 19 is formed in head 13 to receive the externally threaded end 
20 of a healing cap. The frustroconical head 21 of the healing cap has a cylindrical 
aperture 22 formed therein. Cylindrical member 23 is attached to pliable fabric sheet 24 
5 and is shaped to be removably snap fit into aperture 22. The sheet 24 can be secured to 
the healing cap or head 10 using any convenient means. For example, an aperture 25 can 
be formed through a pliable sheet 24A and sized such that end 20 slides through aperture 

25 and permits sheet 24A to be compressed between head 21 and the circular distal end 

26 of head 10. Rib 16 outwardly depends from the smooth cylindrical wall circumscribing 
10 and defining hollow 15 and, when hollow 15 is filled with hydroxyapatite or bone in a 

manner which will be described, prevents the dental implant from rotating about axis 18. 
Most infection in a tooth begins at the gum line and works its way downwardly toward the 
root of the tooth. The smooth continuous outer surfaces 13, 14 of the implant of Fig. 1 
facilitate determining how far, if at all, infection has penetrated downwardly along the 

15 outer surfaces of the implant. The extension of the outer surfaces of the implant from the 
distal end 26 of the head to the lower end 17 make it difficult for infection to enter hollow 
15. In many conventional implants, once infection extends a short distance into the bone, 
it is a simple matter for the infection to spread laterally under portions of the implant. 
Consequently, in the implant of Fig. 1 it is important that perforations are not formed 

20 through the continuous outer surfaces 13, 14, or the conical surface of top 12. The large 
area of surfaces 13 and 14 and of the outer conical surface of top 12 help distribute the 
forces which are produced on an artificial tooth mounted on the implant and decrease the 
likelihood that the implant will come loose. The smooth curvature and lack of ridges or 
points extending outwardly from implant surfaces 13 and 14 also decreases the likelihood 

25 that stress fractures will be formed in the alveolar bone during the use of an artificial 
tooth attached to the implant. 

The installation of the implant apparatus of Figs, 1 and 2 in alveolar bone 
is illustrated in Figs. 3 and 4. As shown in Fig. 4, an opening 27 is drilled or otherwise 
formed at a selected location in the alveolar bone and the dental implant is inserted in 

30 opening 27. Fig. 4 illustrates opening 27 immediately after the dental implant has been 
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inserted .herein Opening 27 is larger than the dental implanl so tat the head 10 ean be 
grasped manually or with a dental instrument and tilled from side to side in opening 27 
The space between the dental implant and the sides of opening 27 wtuch circumscribe the 
implant is packed with a malleable hydroxyapatite composition 28 Hollow 15 can also 
be packed with the hydroxyapatite composition 28 before the implant is inserted in opening 
27. After the composition 28 is packed into opening 27 around the dental implant, the 
head 10 can. if desired, be laterally moved in directions like those indicated by arrows A 
,o tilt and reposition the implant in opening 27. After the dental implant is in the desired 
position in opening 27. the hydroxyapatite composition is repacked, and member 23 ts 
snapped into aperture 22 ut head 21 to position sheet 24 over opetung 27 in the manner 
illustrate* tn Fig. 3. Shee, 24 can be mmmed as appropriate to cover operung 27. 
Although no. shown in Fig. 4, gum .issue ordinarily a. least partially covers a»d helps 
maintain sheet 24 in i.s desired position Sbee. 24 can comprise CORTEX or any other 
suitable pliable materia, which he! P s prevent gum tissue from growing tnto me 
hydroxyapatite composition while .. so.,dif,es If desired, shee. 24 can compnse a 
resorbable ma.erial. The CORTEX ,s left in place for a penod of two to twelve months 
while ore surroundmg bone grows into and causes the hydroxyapa.i.e compos.tton to 
solidify and anchor the dental implant b, place. After the hydroxyapatite composition has 
soHdifKd, the healing cap and - «h* « « "moved «* «* ** «« 
me solidified hydroxyapatite composite Tb. mtema.ly threaded aperture 
10 of ^implant is used to atuch an aruf.cial.oom to U« implant 

CORTEX is produced by W. L Gore & Assoc.. Inc. Regenerate 
Technologies of 3773 Kaspar Avenue. Flagstaff. AH- 86C3-2500. USA. « 
a p ,iab.e shee. 24A can include a layer of CORTEX or similar pliable ma.na. lamma^ 
1 an undenting of collagen, polyg.ycolic acd. or anofcer desire. — The 

CORTEX is an expanded polyKtrafluroethylene (e-PTFE) matenaJ 

Hyoroxyapatite is a crystalline subsunce containing ca.c.um and phosphorus 
and is found in certain rocks. 1. is the bas.c cons.iruen. of bone The hydroxyapame 
composiUon used .o pack opening 27 can simply comprise a dry hydroxyapa..* powder. 
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The hydroxyapatite is, however, normally mixed with a liquid substance to form a slurry 
or more malleable composition which is more readily packed and remains in fixed position 
than dry hydroxyapatite powder. Hydroxyapatite powder can be mixed with water, 
plaster, collagen, dextran, epinephrine, or some other desirable material. The 
hydroxyapatite can be obtained from natural mineral sources, from ground bone, etc. 
Materials other than hydroxyapatite compositions can be used to fill and pack opening 27. 
Such other materials can include organic and inorganic matrices and/or combinations 
thereof. These matrices can be porous, non-porous, active and/or resorbable matrices, or 
totally inert. For example, coral and coral analogs, polymethyl methacrylate, 
polyethylene, PTFE (polytetrafluroethylene), polysufone, polymers, polyethylene glycols, 
osteomin (bone ash), autogenous bone, freeze dried demineralized bone, resorbable and 
non-resorbable hydroxyapatite, xenographs (bovine), miniscrews, allografts, composites, 
polyethylene glycol propionaldehyde, HAPSET, or the patient's own bone can be utilized. 

In some cases, it is preferable to produce an opening for a dental implant 
by forming an aperture in the alveolar bone which opens laterally or outwardly away from 
the inside of the patient's mouth. Such an outwardly opening aperture 32 is illustrated in 
Figs 6 and 7. In Fig. 7, the dental implant has not yet been inserted on floor 33 of 
aperture 32. Fig. 6 illustrates the implant in aperture 32. A malleable hydroxyapatite 
composition is utilized to pack the dental implant in aperture 32. Once aperture 32 is 
packed with hydroxyapatite composition and the implant is properly positioned m the 
hydroxyapatite composition and aperture 32, a healing cap is used to attach a pliable layer 
24 of material to head 10 to protect the hydroxyapatite composition from invasion by 
epithelial or other living tissue while the composition hardens . After an appropriate period 
of time has passed and the bone has grown into and hardened the hydroxyapatite 
composition, the healing cap and layer of material are removed and an artificial tooth is 
attached to head 10 using internally threaded aperture 19. 

An alternate embodiment of a healing cap 34 is illustrated in Figs. 8 and 9. 
Cap 34 includes internal cylindrical aperture 35 shaped to slidably fit over the circular 
distal end 26 of head 10 and to cover at least a portion of the cylindrical peripheral surface 
13 of head 10 of the wine bottle shaped implant of Fig 1. The pliable sheet 24 m Fig. 8 
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has a circular aperture 37 formed therethrough which is large enough to slide a selected 
distance up the conical tip of cap 34, in the manner shown in Fig. 8, but which is too 
small to slide over the cylindrical upper end 39 of cap 34. Consequently, the conical end 
40 of cap 34 functions to hold the sheet 24 in position against the hydroxyapatite 
5 composition 28 in the manner illustrated in Fig. 8. Further, a portion of the conical end 
40 of cap 34 extends downwardly along surface 13 and past end 26 so that after the 
composition 28 has solidified and cap 34 is removed from head 10, a conically shaped 
space 41 (Fig. 8A) exists intermediate the solidified composition 28 and the upper portion 
of surface 13. When an artificial tooth 50 is subsequently attached to head 10 using the 
10 internally threaded aperture 19 formed therein, the lower portion of tooth 50 can include 
a cylindrical aperture 51 which slides over the upper end of bead 10 and covers distal end 
26. As would be appreciated by those of skill in the art, either sample implants or 
impression analogs of the head 10, 10A (Fig. 12) of the support member 70 (Fig. 12) of 
each implant can be provided to a dental laboratory so that the lower margins of an 
15 artificial tooth 50 can be perfectly sized to extend into and completely fill the conically 
shaped space 41. Distal end 26 ordinarily is positioned at the gum line after the implant 
is inserted in an opening 38 formed in the alveolar bone. Accordingly, the portions of the 
artificial tooth 50 extending into space 41 extend below the gum line of the patient. 

Fig. 10A illustrates a normal, healthy alveolar bone 52 supporting an incisor 
20 tooth 53. In Fig. 10B, the bone 52 has receded due to age or other factors. In Fig. 10C, 
tooth 53 has been removed; a cylindrical aperture 54 has been drilled or otherwise formed 
in the bone 52; an implant has been inserted in aperture 54; a malleable hydroxyapatite 
composition 28 has been packed into aperture 54, around the implant, and against the bone 
52; a layer of pliable material 24 has been attached to head 10 with the head 21 of a 
25 healing cap and extends over the hydroxyapatite composition 28; and, the gum tissue has 
been positioned over material 24. After the bone 52 grows into the hydroxyapatite 
composition 28 and the composition 28 solidifies, the healing cap and material 24 are 
removed, and an artificial tooth is attached to head 10. The hydroxyapatite composition 
applied to the implant and bone 52 in Fig. 10C is used to augment or build the bone 52 
30 back up to a shape and dimension resembling or duplicating its original normal shape and 
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dimension illustrated in Fig. 10A. A particular advantage of the dental implant 
methodology of the invention is that it pernyts hydroxyapatite compositions to be used to 
augment and enlarge existing alveolar bone structure while at the same time facilitating the 
anchoring of an implant to alveolar bone To facilitate the anchoring of an implant in the 

5 existing alveolar or basal bone, indents or grooves can be formed in the bone or in the 
surface of the implant to receive hydroxyapatite or other material used to fill or pack into 
or around the alveolar or basal bone and the implant. 

In Fig. 10D, the tooth 53 has been removed from the alveolar bone 52 of 
Fig. 10B and a circular drill has been used to remove some of the bone 52 to form a 

10 cylindrical anchor peg 56 which is shaped and dimensioned to be sl.dably received by the 
involute 15 of the implant of Fig. 1 in the manner illustrated in Fig. 10E. After involute 
or hollow 15 is slid onto peg 56, malleable hydroxyapatite composition is packed around 
the body 1 1 and head 10 of the implant and the head 21 of the healing cap is used to attach 
pliable material 24 to head 10. If desired, hydroxyapatite composition 28 can also be 

15 inserted in hollow 15 before hollow 15 is slid onto peg 56. One the hydroxyapatite 
composition has solidified, the healing cap and material 21 are removed, and an artificial 
tooth is attached to head 10. The bone 52 illustrated in Figs. 10D and 10E includes a 
nerve 65. 

In Fig. 10F, the tooth 53 has been removed from the alveolar bone 52 of 
20 Fig. 10B and shape of the ridge 64 of bone 52 has not been altered. An implant has been 
placed on ridge 64. The implant includes head 61, body 62, and arch or U-shaped 
aperture 63. Aperture 63 is shaped and dimensioned to conform to and slide on to ridge 
64 in the manner illustrated in Fig. 10F. The implant of Fig. 10F can be formed by 
making a mold of ridge 64 and using the mold to eventually produce an implant with an 
25 aperture 63 which will conform to ridge 64. Various techniques for making a mold of 
ridge 64 and using the mold to produce a duplicate of the ridge or to produce a shape 
which will conform to the ridge 64 are well known in the art and will not be discussed 
herein. After the implant of Figs. 10F and 11 is slidably inserted on ridge 64 in the 
manner shown in Fig. 10F, malleable hydroxyapatite composition is pressed against and 
30 molded around against the implant and bone 52 and covered with a layer 24 which is 
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secured to head 61 by head 21 of the healing cap illustrated in Fig. 1. The externally 
threaded end 20 of the healing cap is rotated into internally threaded aperture 67 formed 
in the upper end of head 61 . If desired, an aperture(s) 68 can be formed through body 62 
to permit a screw(s) to pass through the aperture 68 and into the bone 52 to secure the 
5 implant to the bone 52. In addition, a slot, indicated by dashed lines 66 in Fig. 10F, can 
be cut through ridge 64 to receive a panel 69 which is attached to arch 63 in the position 
indicated by dashed line 70. 

Figs. 12 to 15 depict apparatus using in a molding method which is used in 
conjunction with the implant apparatus and methodology of the invention. In Fig. 12, an 

10 implant having a head 10A and bottom 11 A is held in position in opening 79 formed in 
alveolar bone by a solidified hydroxyapatite composition 28. Composition 28 solidified 
when the surrounding alveolar bone 80 grew into the composition 28 in opening 79. Head 
10A has a conical head which tapers upwardly from body 11A toward the gum tissue 81. 
Head 10A has outer smooth continuous surface 13 A. Body 11A includes outer smooth 

15 continuous surface 14A. Frustoconical support member 70 is attached to head 10A. 
Sacrificial frustoconical coping 71 is slid over member 70. Sacrificial frustoconical coping 
74 is slid over member 73. If desired, copings 71 and 74 can be metal and not be 
sacrificial. Member 73 is attached to the head 10A (not shown) of another implant (not 
shown) in the alveolar bone 80. Rubber, silicone, or some other acceptable material is 

20 used to form a negative mold 72 extending over and around copings 71 and 74 in the 
manner shown in Fig. 12. The use of such molding materials in dentistry is well known 
and will not be discussed herein. The negative mold includes upstanding hollow conical 
member 85; frustoconical hollows 83 and 84 which conform and adhere to copings 71 and 
74, respectively; and, surfaces 86 and 87 which conform to gum tissue 81. When the 

25 negative mold 72 is removed from members 70 and 73 , copings 7 1 and 74 are removed 
with and are imbedded in the mold 72. 

After mold 72 has set and is removed from members 70 and 73 and from 
the patient's mouth, mold 72 is used to make a positive stone mold 78. This is, as is well 
known, accomplished by inverting mold 72, place mold 72 in a container which 

30 circumscribes mold 72, and by pouring a stone mold slurry into sacrificial copings 71 and 
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74 and over surfaces 86 and 87. After the stone mold slurry hardens to form mold 78, 
the mold 78 and mold 72 are heated until mold 72 melts and flows off of stone mold 78, 
or, mold 72 can simply be peeled off of the hardened stone mold with or without copings 
71 and 74. The positive stone mold 78 which remains replicates the gum line 81, support 
members 72 and 73, and the upper portion of each head 10A as shown in Fig. 12. The 
stone mold 78 also replicates 82A the conical groove or detent 82 formed around the upper 
portion of each implant head 10A. In Fig. 14, each conical groove 82 has a shape and 
dimension equal to the shape and dimension of conical groove 82 in Fig. 14. Also, in 
Fig. 14, the portions of the stone mold which replicate frustoconical members 70 and 73 
are not visible because new sacrificial copings 71A and 74A have been slipped over said 
portions of the stone mold (or the copings 71 and 74 which were originally used in the 
mouth to make mold 72 can remain on said portions of the stone mold). While the shape 
and dimension of each coping can vary , in Figs. 12 to 14, each coping 71 , 74, 71 A, 74A 
is of equivalent shape and dimension. The shape and dimension of each support member 
70 and 73 can also vary as desired. In Fig. 12, however, each frustoconical support 
member 70 and 73 is of equal shape and dimension. 

In Fig. 14 a pontic comprised of frustoconical support member 77 and ribs 
75 and 76 has been constructed above the upper surface 90 of stone mold 78. The pontic 
interconnects sacrificial copings 71A and 74A and is positioned adjacent surface 90. The 
pontic is typically constructed from wax, but any other desired material can be utilized. 
Once the construction of the pontic is completed, the sacrificial bridge support of Fig. 14 
is removed from mold 78 and mold 78 is discarded, or, mold 78 is retained for use in 
subsequent porcelain work. After the sacrificial bridge support is removed from mold 78, 
its shape and dimension and appearance is identical to that of the finished metal bridge 

support pictured in Fig. 15. 

In the next step of the molding process, the sacrificial bridge support is 
submersed or "invested" in a stone mold slurry and, before or as the slurry hardens, a 
small escape channel is formed which leads from the sacrificial bridge support through and 
to the upper surface of the slurry. After the stone mold slurry hardens, it is heated to melt 
the wax pontic and the sacrificial copings 71A and 74A. The melted wax and melted 
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materials from the copings 71A and 74A flows out of the stone mold through the escape 
channel. After all of the melted material flows out of the stone mold, a hollow exists in 
the stone mold which is a negative of the sacrificial support bridge of Fig. 14 and of the 
bridge of Fig. 15. The investment molding process is continued by pouring molten metal 
through the escape channel into this hollow and allowing the metal to harden. After the 
metal hardens, the finished support bridge of Fig. 15 has been formed in the stone mold 
The stone mold is broken away from the bridge to free the finished bridge from the mold 
Porcelain or another desired material is placed on the bridge supports 74B, 77A, and 71B 
to build artificial teeth on the bridge. Ordinarily, a single artificial tooth is built on each 
bridge support. After artificial teeth are constructed on the bridge supports, the bridge is 
inserted in the patient's mouth by placing hollow support 71B over member 70 and by 
placing hollow support 74B over member 73. Supports 74B and 71B can be glued or 
otherwise affixed to members 73 and 70, respectively. 

A method of removably attaching a bridge support 74B and artificial tooth 
91 to a member 73 is illustrated in Fig. 16. In Fig. 16 a fastener 94 is inserted into 
aperture 92 and threaded into internally threaded aperture 93 in member 73. Precise 
alignment of apertures 92 and 93 is not required because the diameter of aperture 92 is 
slightly larger than that of aperture 93. The undersurface 95 of fastener conforms to and 
bears against a portion of conical surface 96 to prevent the tooth 91 from moving in the 
directions of arrows B. When fastener 94 is removed from apertures 92 and 93, coping 
74B can be pulled upwardly off of and free from support member 73. 

In Fig. 16, the upper distal end 26A of head 10A contacts the bottom of 
support member 73. The outer peripheral conical surfac* of head 10A is contiguous with 
and lies in a common conical plane with the outer conical surface 13A of head 10A. 
Coping 74B conforms to surface 13A and to the outer conical surface of member 73 so 
that coping 74B slidably engages and fits said conical surfaces in the manner illustrated 
inFig 16 The co-planar relate 

surface 13A of member 10A is important in the practice of the invention because « enables 
coping 74B and tooth 91 to extend sealingly downwardly below the gum hue. i.e. to 
30 extend downwardly below end 26A 
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Members 70 and 73 can be fabricated from metal or from plastic, rubber, 
copolymer, polymer, composites, or any other desired material, as can the sacrifictal 

copings 71, 74. 71A, 74A. 

The implant method and apparatus of the invention have several advantages, 
5 Firs, smce the opening which .s formed in the bone to receive the implant does not have 
«o conform to the shape and dtmension of the tmplant, special drills are not necessary 
when the opening is formed in the alveolar or basal bone to receive the implant Second, 
drilling an opening in the bone which ,s larger than and does not conform to the shape and 
contour of the implant decreases the amount of heat generate during the drilling process 
,0 Thts is important because bone is damaged when exposed to heat in excess of 130 degrees 
centtgrade for one mtnu.e or more. Conventional implants requue that a cy.indncal 
opening be drilled in the bone. Drilling such openmgs requues the use of internally 
txrigated slowly routing burrs and is more likely to generate heat wh,ch damages the bone 
adjacent the cylindrical opening When an opentng is dnl.ed for the implant of the 
15 tnvention, a higher speed externally tmgated burr can be uuuzed. Third, the tmplan. of 
the invention permits non-resorbable hydroxyapatite to be uttlized to fill in the opentng 
around the implant. The non-resorbable hydroxyapatite produces a strong, tough structure 
which is less likely to have saucema.ion. Saucerization occurs when bone is lost from 
around the implant due to stress or bacteria, mvasion. This use of non-resorbable 
20 hydroxyapatite is particularly advantageous when a bone ridge wh.cn has receded ,s bemg 
a gtnentl to duplicate the original shape and size o, the ridge Four* 
JLn of an implant in the manner illustrated in Figs. 6 and 7 is useful » the case 
wnere a tooth has been missing for some time and adjacent teeth have migrate ntto and 
parrially filed the space of the missing tooth. When this occurs, convenfona, unp an. 
25 Let I forced ,„ be so small that .hey are weak or are prevent from be.ng u«,*e 
due .0 the small size of the space remammg between the adjacent teeUt. The tmpla* of 
Figs 1 and 8 solves this problem because it has a large base with a thin neck which can 
exLd between the remaining adjacen, teeth. Fifth, the implant me*od of the — 
covers the junct.on between a supper, member 70 and the head 10A (Ftg. 12) of * 
30 implant, .n conventional implants, mis junction is exposed to oral flurds and can corrode 
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and fail Further, dentists often do not screw or otherv.se install member 70 snugly 
against the top of head 10A, leavmg a septic gap. Sbcth, the implant of Figs. 1, 8 and 12 
can be long or short and still prov.de a large outer surface area for anchoring the implant 

in the alveolar or basal bone. 

As would be appreciated by those of skill to the an. the tmplant 
methodology described above to connection with dotal implants can be utilized to carry 
out unplants in bone throughout me body. For example, in F,g .7. the -ball" at the top 
of femur 100 has been removed and an oversized opentog 101 has been formed tn the .op 
of femur 100. Implant 103 is tnseted tn opening 101. The lower portion of implant 103 
1S the body thereof and the upper portion of implant 103 (the pomon nearest artiftcal 
•ball" 105) is the head of the implant 103. Each implant in the prior art and illustrated 
herein includes a lower portion, or body, and an upper portion, o, head. A hydroxyapatne 
(HA) hydroxyapatite cement (HAC) or other composition 102 is packed around unplan. 
,03 ,o secure implant 103 in opening 101 . An tnternal.y threaded cylindrical apermre (no, 
visible, is formed in unplan, 103 to receive the externally thread* end 104 of an artiftcia! 
.„,„■ ,05 It >s advantageous to form opening 101 by laterally cunmg or drilling mto the 
top of femur 100 in the manner ulustrated to Ftg. 6 Tins reduces toe amount by winch 
0* femur has to be laterally displaced away from the hip socket during formatton of 
opening 10. tons reducing trauma to surrounding nerves, muscles, blood vesse,s and soft 

tiSSlK ' In Fit IS. I* « 108 in b0De 107 ""' "* ^ "* StaPed ™ 4 
dimensioned such mat when unplan, .06 is lateraLy slid into opentog 108. a mechanical 
lock is formed and unpUnt .06 canno, he removed from opening 108 in me diecuon of 
^ C. Sunilariy. opening 10S and hnplan, 106 can be formed such tha, unplan, 06 
is inserted in opening .08 in the direction directly opposLe mat o, arrow C and ,s rota.* 
Agrees about an axis par*, to arrow C such that after Unplan. ,06 is so 
L be displaced out of opening .08 m Ote directton of arrow because ,e *ng 

under the towardly extendtog lips 109 and 110 of opetung 108. 



30 



18 



10 



15 



20 



25 



The opetung 108 ...ustrated in fig. > 8 can be formed and « , irnp.an, 

opening 108 by paOong ' ^ „ taplan( 10 3 can include 

»*" «*■ The composmon " ^ ^ „ a , ign whcD . Mg neuc 

— «*> and - w a v,s ;°: ; rir P ™, o„ «* * — 0 ^ 

*° * earhe, active composite can » *~ - — n 

„ to piace of hydro W ,„e composition, Sue. active compos,,,ons, or .issue grow* 
o, tn place ny ,v hv , rox vapa.ite or other maierials utilized as packing 

factors, can be mtermued wuh or inserted m Sim intermediate 

posiUoning means can " „ mchor ^ taplan[ „ position 

— ' S **« m ^ 2 If a L or 1p- ^ and/or resorbabiy 
St.c.iposi.ioningmca.can^ 

—rcrrroL^orge,^ 

until the putty or gel sets up. once or fe 

— - - • r: r: c:r«: r« . - - 

such as heat, electricity, enzymes injected into tissue, etc. 
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By way of further example of the template just referred to, an implant to 
replace a missing first molar in the lower jaw of a patient is carried out as follows. First, 
the space between the second premolar and the second molar which bounded the missing 
first molar may be laser scanned or an impression taken to define the space so that the 
shape and dimension of the tooth which will fill the space can be defined. An impression 
is taken of the lower teeth and a plaster model of the lower teeth is made using well 
known molding techniques. This plaster model, as does the patient s mouth, includes on 
open spot which at one time was occupied by the patient's missing first molar. A model 
is made of the artificial tooth which will be mounted on the implant. The model is 
properly positioned in the open spot in the plaster model and a impression is made of the 
plaster model using plaster, plastic or any other desired material. This plastic model will 
fit over and conform to the lower teeth in the patient's mouth. An opening is formed 
through the plastic model and an externally threaded screw or other attachment means is 
attached through and extends downwardly from the plastic model so that the implant which 
15 will be utilized in the mouth of the patient can be detachably secured to the externally 
threaded screw. The externally threaded screw positions the implant in the exact desired 
orientation, both laterally and vertically, with respect to the plastic model and with respect 
to the opening formed in bone in the patient's mouth (or with respect to bone in the 
patient's mouth on which the implant is set). An oversized opening 27 (Fig. 3) is drilled 
in the alveolar bone. The bottom of the opening is prepacked with a selected amount of 
hydroxyapatite or other composition. The implant 11 is threaded onto the externally 
threaded screw in the plastic model and the plastic model is fit over the crowns of the 
patient's lower teeth to force the implant 11 into the opening 27 and force the 
hydroxyapatite composition up and around the implant 1 1 . Openings can be formed in and 
through the plastic model to permit hydroxyapatite composition to be added to or removed 
from opening 27. Or, in the event implant 11 is simply coated with a bone or tissue 
growth factor, openings need not be formed through the plastic model to permit access to 
opening 27 because the plastic model positions the implant 1 1 in the exact desired location 
in opening 27 and maintains the implant 11 in that position until the tissue growth factor 
causes an outgrowth of new bone from opening 27 which contacts and anchors implant 1 1 
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• f bone or tissue g"«* fet0 ' ^ ** ^ " imerti0, ' 
U, position. Tte coattng of bone or 6 ^ ^ Qf ^ ^ 

of ^ imp-an, *« *» "f" " * grow * of new bone toward *e W *e 
Aft er U,e implant 11 is anchored by the g ^ ^ ^ . $ removed ^ 

externally threaded screw is turned out o ^ ^ ^ , , 

an ar tir,cia, too* can be beaded into o ^ , , _ , ^ ^ 

AfB r (of before, if des,red, me amfiaai t o* s ^ me ^ of 

bone around implant 1 1 , or 10 gm 

Growth factors can be utuizea ^ ^ 

^ -soft ussues" l*e —. and — which prornote ,e .rowtb 
gro w* factor encompasses „ te My 0 , a patient. The compositions 

of ^ tissue, such as bone, or soft «, ^ ^ ^ ^ ^ ^ 0[ 

M* -I"* ^ b0r8amC "* te bactem v^uses, or any outer living organrsm 
man ipu,ated. The .Wing or^ns can * ^ ^ ^ ^ 
whic h promote tissue growth . By w y ^ (EGF) , flbrobla s< 

include platelet-derived growth factor (PDGW, P faaor (TNF) , 

transforming growth factor (TGF-B). co y ^ ^ mMphogenlc 

(OPN). platelet-derived grow* factor t . ^ no n-recombba»< 

protein 1 (BMP-1). ahd insulin grow* actor 0 ^ ^ ^ ^ „ 
gro wh factors «n be utilize* as destred. m 
unliz ed as grow* factors. For examp* ** ^ ^ f ^ Upid w 

assembles into a nanometer -« . - ^ J ^ conuin ^ acids 
Variot.er^mescanbeutUtzedformesy G[0Wth factors c» be apphed 

« control three-dimensional protetn struc^ I ^ ^ ^ ^ ^ belp 
to g e,s or other carriers which regu ate ^ ^ ^ ^ W) , Tim e 

rtBk «* f»* flC,0 ' S ' ^ " c ' onlaW ng grow* factor can be activated by 

. rrrrr;==r 
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k other selected means «o release me grow* factor The carrier can be 
chemicaU or by any o*er **** ^ ^ ^ M „ y similaI 

reS orbab,e o, non-resorbable .Or* t[tlctM)r flu id .0 co.ro. cel, 

«... Ei^une earner or u« grow* facto ^ ^ orally , 

^ rrJaTr "elS.^.eres^ryrracr.orby.y 
sysK m,c* » . ^ ^ admimsKred mt0 . ca psu.e or o*er 

Cher deseed method. The grow*! while alminisuation of *e 

„de composition or structure " ^ may ^ 

grow * factor , present,, -^^^.-i. *e patient, body in 

n0nSPeC ' f,C Av^ofcol.agenrna.en.scanbeusedalooeand.ncornb^oo^s 

„, «* Docket or ocher structure for a grow* factor, wluch 
UOl2)Kf0 t"l ir - » - porosity for tissue 

reconstruct^. Other known na y ^ ^ ^ ^ M 
link ed protein scaffolds, and gels can be used alone 

wi , „ „*er materia, toform a — £ "I * formed wi* 

augmentation materia., A contatnm « P«c t ^ 

^etic organic materials such as polymers . - _ 
(e.g. , hydroxyapatite and o*er ceramics), wtth organic 

wi * symbetic inorganic materia,,. ^ structure 

P0 SS ib,e po,ymers usab, n ^ ^ 

constructed in accordance w^aemventton tnclude (0lthoesters) , 

powers,, PO,^, J^^il UVy.opyra,,, 

^(Anhydrides). ^^'^(D Jones,. Each of *e foregoing powers 
poly(Acetals), polyfPhospnaienes), and poly(Dioxmone 



• „, systems by undcrgotng a hydrolytic, enzymatic, or other 
is ^gradaWc » -«> J^J ^ of providtag biodegradab.e — , 
^akdown or degrada.ton and, as such ,s ^ Qf 

scaffolds and other useful structu es biodegrld>ble 
tradable po.yamides include g.ut» ^ ^ collagen . Examp.es 

nyl „n, ghnamic acid/elty. gluumate, **»^. ^ ^ 

rrrr^^— — 

P ° l,eSKtbydr0 :'L embodiment of the pacing materia. ,CT2 used in the mvenUon. 
hy „a,i,e is m*ed - a biode g rada»e ^ - -^^ 
tapreg na,ed *erem, to provrtea ^ - = _ 

s pOT es which promo, the g ,ow* of ^J*"^ „ can he 

25 l ° ^ !JI s 1^ ^tissue or hone, o, at any other location 

positioned in an opening 101, adjacent 

" * Pa ' iem 'rier embod ta e„t of d. — , hydroxyapatite or anomer tissue 
In anoiner em is t0 

!0 mentation materia, is with a matena » » § ^ l0Cati0D 

25 augmentation material. a volume of tiss ue 

augmentation material u prov.ded w«b I ftctors or mat£riill , 

augmentation materia, of tissue augment drugs or o*e gr 
The coating can be biodegradable and break down over tune. 
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, « /HA) and hydroxyapatite cement < HAC) 
me hydroxyapaute ^ ' jn accordance wi th the invention are 

whi c„ can * — - P- 

■■.organic crystalline matenals. The hex g ^ ^ ^ ^ ^ ^ 
phosphate composition of HA s an ^ ^ ^ ^ 

. ~i tKot mates ud the inorganic poruvu v 
Mr „xyapa.i« mineral that makes up ^ ^ physicochemical 

HACs are bioactive and interact w.th bon , «d « ^ ^ osleocondu ct,ve and 

bond wlth ,ese " s ~;t:i harbor os— tive materta, l.e 
toiate bone ingrow*. HA s a distinct advantage of HAC's is that they 

osteocalctn which hetps form new bone ^ 
can, while stl, in a relatively low vscos.ty state, be „ ^ ^ 

— ^---^r.itr.^ -sand 
HA's generate any appreciable heat wnen 

HA's can be ^^*' t ^^^^i^ S f actor compositions, and other packing compositions 

; L can be formulated to expand after being insert 
^ ,o pack around an tmplan, a» * . ^ 

— - ~ :^n,l opelg - to sbnr* W - 

after an opemng ts cu, m bone, the J ^ ^ composltioD 

,ne opening, enlarging the opemng By ^ % ^ M 

-b.^^^.^'^e.JL--. T* ^generating 
a — client -^^27- L. H .0 - r 

serial forms potes m the packm P . $ prefc[red m 

^rate* is prefer* carbon 0 ^ ^ ^ ^ 

gas generating or expandable matena, ^ ^ ^ ^ ^ ^ m 

composition can be aerated with a gas * rf ^ 

Implan, tn place. Po.yeOny.ene has a^c ^ . prefcrred coefficient 

degree Centigrade. 

of therma. expansion can* >**» - ^ ^ wben „ qu ,d 

packing composition can tnclude a hqu 
component sets and solidif.es. 
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In one embodiment of the invention, a dental implant and crown are 
designed to custom ft. to the alveolar bone and efficient* dissipate occiosa! stress 
generated during use of the crown to chew food. Implants other than 
dental implants can also be designed using the following principles 
5 A ruler X-ray, laser scanner, impressions of the teeth and jaws, or other 

means are used to define the shape and dimension of the space to be occupied by the 
artificial crown which is atuched to the implant and to defme the shape and dimension of 
d. alveolar bone in or on which the implant is to be positioned. A force diagran can be 
generated which defines bow me roots of each ongtaa. nod. in me mourn of an individual 
10 dissipate the stresses generated on me tooth during chewing and/or biting. SunUarly. a 
force diagram can be generated defuung an optuna, root design for uniformly dissipaung 
stress into alveolar bone, for diss.pa.ing more stress into stronger areas of the a.veola, 
bone etc Such an optimal root design is ordinarily arrived at with the use of a computer 
and i imponan, because many denta. problems derive from the faction of teeth with 
15 bone surrounding the teem. The quality of the bone adjacn, teeth vax.es. Some bone can 
wiuV.ndocc.usals.esscenerd.anomerbor,. Some areas of U^.aw have more aiv^ 
bone adjacent to and supporting a tooth than do other areas of the ,aw. Anoth r facto 
which can be utilized * determine the optima, shape and dimension of the tmp.an, (and 
crown) is the material used to fabricate the implant. 

An eight foot long two inch by four toch piece of lumber better resists a 
force which , applied perpendicular to the .eng. of ,e lumber- , to a ^ two *h- * ,« 
the .umber than it resists die same force applied to a four inch side of the lumbe -< 
Ocular to the lengO, o, the lumber. Sunilarly. the orientation of an miplan, ^ 
Aspect to the surrounding bone can have a bearing on me ability of *e root and d« 

riTresi, a force vector which is applied to the imp.au, a, a particu.ar pom, and a, 
unplan. ,o o{ me ^ „ ^ 

a particular orientation. Therefore, the onema 

f lr which can be taken uito -deration by a computer ,n des.gmn g^ op,m» 
unplan, Still another factor is the shape and position of the tooth (or te«h> whic 
-d wi„ conac, the crown on the unplan, after 0,e implan, and crown are 
30 anchored in alveolar bone. 
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, , tort ,h f "Theory of Available Bone" teaches that 
In the dental implant art, the ineory m 

.mp.ants are customized ,o fit in cxisttng bone Tne prefer me.no. of the invention 
di L u y contradicts the Theory of Available Bone because the method of the ~ 
■eaches optimizing the effectiveness of an impla* by firs, defining *e optuna, stopeand 
tension and the density or other physica, propel of -he bone whrch should be 
available ,o anchor the implant In the method of tU invention, if a sufficient volume of 
bone ,s no, avauabie, additional bone volume ,s generated by pacWng HA, HAC or some 
other matena. on existing bone to generate new bone, by using growth factors to generate 
new bone, or by using an, outer desired procedure to generate new bone. If the denstty 
of the existing bone is not sufficient, existing bone can be removed and replaced w«h HA. 
HAC or another desired composition which will have me desired density or other phystca! 
properties or which wil. cause new bone to grow which has the desued density or outer 
phystca. properties. HAC can form bone consisting of about 77% by weigh, mineral 
composition. This is denser than natural bone and can be particularly desirable tn fonntng 
new bone tn me posterior bone areas of the mouth. Tne bone in the posterior areas of the 
mouth support the molars. Such bone typically ts less dense than the bone in the antenor 
areas of the mourn. Bone in the anterior areas of the mouth supports incsors. In 
addition, if the existing bone volume is too great, bone can be removed; for example, a 
bone spur could be removed. Consequently, the method of the invention propounds a 
•Theory of Optimal Bone-Optimal Implant" destgc and implementation in winch extstmg 
bone structure can be altered and the desip of each implant can, if appropriate, dtffer 
from the design of the other implants in a patient s mouth in order to insure that a implant 
is formed which effectively distributes the causal forces generated on the implant and 
„„« during use of the teem. Any desired se, of criteria or parameters can be used tn 
defining the desired volume, density, and other physical properties of the bone used ,„ 
support an tmplant. For example, but no. by way of limitation, the volume of bone 
W ical.y wai approxunate the volume of the original bone structure which .(or was) 

Z-» *. ««* -~ - — * a aduu such bone v r; : r/e 

measured or, in the even, portions of the original bone structure have *en ^ 
readily approximated. The desired density of the bone typicaily presently wd. be a, leas. 
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Further by way of example, the 
^ ,o UK den* of - ^^^I.nad^on^ch^n.endicu,, 
lMges , possible bue force . no, " ^ (oKK ge „eraUy reach higher 

^occ.us.p.ane. respect 
value s .ban * an,erior,y - ^ ^ ^ of * imp.** - 

A compuKr can also be u«<^ ^ ^ bone . The optimal 
which Ore imp.au. op.ta.all, dismbu.es ^ ^ ^ „„, 

posl ,io n of UK implan, can be » d bone, srze a*, sub!.*, of 

-o. * of Che surround^ a.-, ^ ^ ^ ^ ^ . 

adjacen. <«*, e.c. For example once ^ ^ ^ ^ ^ 

spac e in *e pa.ien.'s mou* ta wfcch *e crown mu^ £ ^ , f ^ 

i crown (a singer ma-eria. mtf. «** po«« of *e 

weaker ma,enal is , «fl. ^ ^ ^ ^ £iown « defiK0 ft e 

After the shape anuu^ „ mpnt a computerized 

f^.red usine computerized equipment. A compu 

- *~ ** * II «*» is secure, to ft. Or. - 

cut, mold, or other*** form fte crown , ^ uctioo rnemods. After 

to implan. and crown axe produced, fee «P on openmg can 

^.arbor.usurg.yof u^procedurese^n ^ ^ ^ ^ ^ 

10 or volume of available bone rn wtuch .o 
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,.nner iaw a first prior art procedure 

was developed, m -* fi- - ^ ^ , bv me X0K m . 

refcrr ed to heretn as the pad . . ^ , he alveolaI ^e. A 

Sctneiderian membrane and to form r J ^ ^ alveo|ar ^ t0 , 

h^-shaped base is inserted ^ugh the ectangu. * ^ ^ ^ ^ base , s 
position in which the base contacts or ,s adjacen P ^ ^ ^ 

, lle d with .cose hydroxyapatite ma.er.a, and *c o^m ^ ^ ^ 

wilh the gum or another — "J^^ — «~ * - 
n.on.hs law, thci gum is reopened to anchor an 

block-shaped base. positioning an implant in the 

The foregoing M ^ "^^^..d.*-*-. 

memVcne is sometimes difficult, whtch means mere 

,e patient, s ta us - — - ^ " ^apaJLens. « 
raes ;s a se,ond later operatron ■ reqv, red _ $ for 

out of its desired posiuon adjacent the pad, wm 
properly psition the implant when the gum ,s later reopened and th 
in * tiock-toped base ^ ^ ( . ft ftoaAm was 

A second prtor ar, abo ve. I. «> 

developed to overcome shortcoming ^ ^ _ not „ 

— °" > M V: t uT2s a nap »nich ,s disp,aced, or 
^re me Schneidenan membra . The ^ 

Itll -Lane e of damage , ^chn^nan 

llgTlateral smus lift i**™^^"*^ 
permits the rapid spread of infection in Ore stnus cavtty. 
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rK.hi^ rollaeen pad is used to cover the rupture, or the 
membrane is ruptured, a resorbable collagen v ™ 

otherwise After the Hap is Hfted, * *~ — te 

„, aWeo.ar ere,, is f,..ed with porous hydroxyapa.ite. Six months .ace,, an opetu^ ,^ 
?;„„. is carefuUy aril.ed trough the alveolar crest an. .,0 *. barde * 
ZLJ*. opening c,os=, y — to the shape ana dimenston of an unplan, 

which is fined into the opening. 

The foregoing second prior art procure for position^ an « <h. 

^ar alveolar bone has several dtsadvantages. Fts,, avoids rupture of the S~ian 
^orane ,s retimes dtfficult. wh.cn means there is an increased nsk that rn,<*..on 
from the sinus wil, spread into the graft. Second, the incision through winch tne 
hy droxyapatite is inserted must be sealed Third, the — of an unp.an. is postponed 
for six months while the smus graft hea.s. Trus means a second operation is reoutred to 
to* the unplant. Fourth, the insemon of the implant requires the formation of an 
opening which closely conforms to the shape and dimension of the cmpla*.. 

A third pnor art procedure for positioning an implant adjacent the smuses 
U stmilar to the second prtor art procedure described above in tha, a .atera, sinus lift » 
also performed. However, m tne third pnor art procedure, after the .atera, sutus Itft ts 
formed an opentng is carefu.ly driHed through the areolar crest. This opemng 
conforms to and receives tie upper portion of an implant. Since the aiveolar ores, ,s Uun, 
to 10 wer portion of the impHtnt extends from the a.veo.ar crest into the space intestate 
me aWeo.ar crest and me flap of bone ben, inwardly durtog tne latera stnus .ft. 
Hydroxyapatite is then packed between the alveolar cres, and the flap of bone and ,s 

packed around the implant. 

The foregoing third prior «t procure for position^ an tmplaot u, me 
mol ar alveolar bone has several disadvantages. First, avoiding rupture of the Scbnetdenan 
Im neis — ^.^^^■i-'^*---- 
L. from the smus into me graft Second, gum tissue must be used to cover, o,^ 
Tlplant whUe the hydroxyapatite solidifles. This necessitates a later ope-on , 
exposethe Unp.au, to anach an artificial crown to me to p.ant TbW me mse^n Hhe 
JLal crown tn the unp.an, is Postponed for s* mourns whUe the smus graft heats. 
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confer to 0* shape ahd dimension - * * ^ teeIti0D of an 

One method of the implant of .be tn ^ ^ 

taplant „ *= - - r;::: , 14 „ ^ . ^ 

ir.ver.tion is illustrated to Figs. 19 to ^ ^ ^ ^ ^ js use<i , 0 cut 

soft tissue away from the posterior m»ula . ^ ^ , f 

ii. 111 to form a rectangular groove , 

through the maxilla 111 to iorm ^ ^ mward ^ 

„v, the ma,il,a 111 can be scc^ a, -J ^ p . ^ ^ 

upward heading of flap 112 u«o surus «.« > .^through 

opening 132 urto the area intermedtate Hap 12 a d <b m ^ ^ 

leu, (HAC) »20 is use, , pa* around ^ ™ ^ ^ ^ 

117 . i»™*^^T£%Zl~~*™- «— • 

maxul a when flap H2 ,s hen, upwardly and tnwar y ^ ^ ^ ^ ^ ^ ^ ^ 
te Schneidenan memhrane can he scrap ^ ^ ^ ^ 

bonding of the HAC with the bone. The HA ^/hen the HAC hardens, it seals 

^ up and hardens. rypicaUy w«hin W to 5 am ^ ^ ^ ^ 

„, o-aimo the sinus cavity 121 is critical dc 
the sinus cav.ty 121 Sealuig th Schneid erian membrane are 

cavity 121 wfcehmay -e-^-:l of te toveot i„n pe* the 
~" ta * e CaV t c u2ugh eLblesanimp.a.t.ohe^icUyp.acedadiacen, 
Schneiderian membrane to be cut through, ^ ^ 

te m a*il,a, and does no. retire the forma- t*oub ^ ^ 

„C of an opening which Cose, — ^ ^ fcy ^ „ ^ 

topl am 119 in opening 132 and tn th ^ ^ ^ ^ ^ , ( ^ 

present preferred in Ike pncl.ee ^ material „ 

hydroxyapatite and because i, rapidly se ^ „ ^ssed 
however, be utUized in place of HAC. 
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r* ^od of the inven.ion may enab.e an impUn, and crown ro be 

ab ove. *e merbod of ,« — - - ^ ^ , n fc 

cl0S e4. a*. rhen be reopened a. later « ^ P ^ ^ ^ can 

The method n2 ^ough the alveolar bone H8isformed 

- ^ -! " 11 HAC. ,f desrred. tbe entire stnus cav ity 

cavity 121. The implant 119 is positione t 

biocompatible tooth bud 122 (F,g 3) »p ^ rf ^ ^ m 

123 in the alveolar bone - J* ^ ffl ^ comprise 

The size of owning 1» « «-T - ™ ^ ^ . 

The bad 122 grows m.o . full grown <oo<h a 

of «. «r the — , -^^^ Md ^ of a tooth 

^ se.ec, in vitro the genetic rnatenal causes ^ 
bud . This generic materia, a, ,ea, uKludes '^^t-enpuon ofu.se 

— - — ° f * 

.oorn bud genes in vitro. «~ - — <* - ^ 

rr^rJri^-pro.ore.crea.ionandgrow.of.or 
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if appropriate, to cause the differentiation of, a tooth bud after the tooth bud genes axe 
activated. After the tooth bud reaches a desired size, it is transplanted into the jaw bone 
of a patient. As used herein, the term tooth bud designates a partially grown tooth. 
Nutrients and/or other growth factors can be used to sustain and promote the growth of, 
5 or if appropriate, to cause the differentiation of, the tooth bud after it is transplanted into 
the jaw of a patient. Instead of tooth bud genes, genes which cause the morphogenesis and 
further growth of other organs or hard or soft tissue in the body can be identified from the 
patient's DNA and utilized to grow in vitro organs or tissue for transplant into the body. 
The organs or tissue can be partially or completely grown at the time of transplant. In a 

10 second variation of the above embodiment of the invention, the structure of the gene or 
genes which control the growth of a tooth bud in a human being is known, and the genetic 
material comprises comparable artificially produced genes, or genes harvested from other 
human beings or animals are transactivated to create and grow a tooth bud. Such 
artificially produced genes or genes from other animals are transactivated to create and 

15 grow a tooth bud in vitro, after which the bud (or other organ or tissue) is transplanted 
into the body of the patient. The tooth bud grows in a tooth which is comprised of dense, 
semirigid, porous, calcified skeletal tissue. 

In another embodiment of the invention, instead of transplanting a bud 122 
into the jaw of a patient, a quantity of genetically produced living material which causes 

20 bud 122 to form in the alveolar bone can be placed at a desired position in the alveolar 
bone such that bud 122 is morphogeneticaUy created in vivo and grows into a full sized 
tooth. Instead of forming an opening 123, a needle or other means can be used to simply 
inject the genetically produced living material into a selected location in the alveolar bone. 
As would be appreciated by those skilled in the art, genetically produced materials can be 

25 inserted in the body to cause the body to grow, reproduce, and replace leg bone, facial 
bone, and any other desired soft and hard tissue in the body. In one variation of this 
embodiment of the invention, the genetic material is placed at a desired position in the 
alveolar bone (by, for example but not by way of limitation, forming an opening 123 to 
receive the genes or by utilizing a needle to insert the genes at a desired site) to create and 

30 grow morphogeneticaUy a tooth bud and, subsequently, a tooth. The genetic material is 
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i bv , optional ac.iva.or <o mm on genes' 
presenUy preferabiy „ pressl0 „ of fce tramcripuonal ac.iva.or. 

expression, an enhancer .o dnve -he P* P^ ^ ^ ^ ^ ^ ^ 

* by numenu a„d,or °" 1 T Knescanben anscn P .iona..y ac.iva.ed ehher prior 
g[0 wU,of»«oo.hbudand.oo. 1 , Theg InsKad of ,oo.h bud genes, genes 

„ being insert or after insemon » d. * ^ ^ ^ ^ ^ ^ M soft 

which cause .be morphogeny creanon and g ^ ^ ^ me 

msue „ vi vo can be m»* « ^ geDes or geIK s removed 

ge „e.ic ma<erial can comprise "^^J^ mattria , „ *e» insert a. 

desired .oca.ions » a paneo. . body ly ^ lccompanied 

V1V „ organs or ofcer hard or soft P an enha ncer , drive «, 

by , ^nscripnona, ac.iva.or .o .urn on U,e en P ^ ^ ^ 

^c „press,on of ,e - -* » - " 

facers which promos «. creauon and grow* ^ ^ ^ ^ ^ ^ 

be transcriptionally ac.iva.ed prior .o or afte y ^ ^ ^ ^ ^ ^ ^ ^ 

desire* substance or means can. as wou i P ^ by 

utiliI ed .o cause ,e — — ^ J ^ or soft ,sue a. a desired 
creating and growing morphogeneucally an 

.^on or loc. ti oo(s) in body of a p«~ ^^.icaUy a panicuiar 

org a„ or o,her .issue in v,vo or » uo « ^ 
by or be «— .o <~ *~ ot oto .issue. 

• a pan * » — LenUon. , provide a meU,od for curing 

ln anoter embodunen. of * ^ ^ ^ % ^ 

disease, H. — ^ - or genes , -he P— * <° 

or form of energy wbich replace , . < «• ^ ^ bacteria or 

^prove die abUi, of * pa.,e« . ***** ^ ^ ^ves ta 

^swbicb cause denuldrsease. ^ tien , s body. For «amp.e, the 



33 



cytokine*, or bacterial antigens to penetrate the gum tissue in the mouth of a patient. The 
particular embodiment of the invention which is preferred is using a chemical substance. 
„«,, electromagnetic energy, or any otter me** to alter the structure of an existing gene 
or genes in the patient's DNA or the bactena's or vuus' DNA in vivo, i.e. alters the DNA 
while the DNA is in the patient's body Trus embodiment can be used to improve the 
body's capability to defend against any disease or illness and is different from current prior 
an metiods of importing new genes whkh are intended to replace or supersede the 
onginal genes existing in the patient's DNA. Morphogenesis or morphogenettcs . the 
ongin and evolution of morphological characters and is the growlh and differentiation of 

cells and tissues during development. 

The HAC 120, 124 or other packing material used in the implant methods 
of the invention can include BIODEL or other small polymer beads or carriers of antibiohc 
materials. 

As used herein, hydroxyapatite cement (HAC) is a cement composed 
entirely or in substantial par. of calcium phosphate sa,ts. HAC can be combined wttn 
water to form a dense paste which is applied and shaped intraoperative!,. HAC sets m 
vivo in approximately 10 to .5 minutes to form a structural stable implant composed of 
microporous hydroxyapatiu. The calcium phosphate salts tetracalcium phosphate and 
parous dicalcium phosphate a* the primary components of HAC. These saHs react 
in water to isothermican, form hydroxyapatite. After the caicium phosphate sal. in 
powder form are mixed with water, the resulting composition sets in about ten to fifteen 
minutes. The microenvironmen. in the set cemen. is saurated with calcium phosphate 
saus. Hydroxyapatite precipitates in sit- from this microenvironment during a reaction 

which typically takes from four to six hours. 

A further embodiment of the invention concerns the tntegration of a dental 

no low and lined with marrow or other soft tissue. A firs, small opemng 134 <F,g. 
„e formed through the outside of the jaw and a second smal, ven, opemng can be form* 
Tugh ,e msidt of ,e Jaw or elsewhere. A pressurized tube or other means .s «, Ho 
inject hydroxyapatite cemen, slurry through opening 134 into the hollow area « the lower 
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-n, which oenniis air or other material to escape 
jaw The second opening serves as a slurry is indeed in fte >aw. If 

from within fte lower jaw when hydroxy - * _ „ ^ ^ 

desired, the firs, opening can be made ***** ^ ^ ^ 

slurry into the jaw sue*, ft* ft. *« , u[Iy flows from ^ tube in,o fte 

10 V en, outwardly through the flrs, <^ ^ x . ray(s) „ te 

jaw . ,„ ftis case, fte second ven, open,,, « no, ^ ^ ^ ^ 

of fte jaw ,o insure ft* fte des,ed areas of toe 

Aft er toe HAC slurry ,s ^ „ ^ 

. P ,ugged with HAC p*. iTC^Z^-*-.. - *~ 

Aft ,r fte HAC s.urry which was - ^ ^ ^ 

be made ftrough fte alveolar bone of <he lower jaw ana 

an irnplan,. _ . m iection meftod 

A HAC slurry *«. -** ^ ^ 

:;:ino,on r c 

fte undoing bone. >h"Jrube or by using other means- After fte HAC slurry 
8inus ftrough fte operung with . «e o by ^ ^ 

to receive an implant. HAC slurry, uy ^ 

^ Genes express ftemse.ves by creating and growing morphogeny any 

„ T^ Z^ Transcip.iona.ac.iva.orsu.monagene'sexpress.on. 
organ or ofter hard or soft ussue. rh A (m RNA). Che firs, step in 

Transcription is toe synthesis of messenger kjn inl . ra ,,jon 
. in DNA Transcription begins as fte interaction 
relaying the information contained in DNA- irans 
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m , RNA polymerase. Enzymes can be growth 

„ a strand of DNA 

factors Various enzymes can be u daed ^ ^ 

acid s to. control three-dimensioua I pi*- ^ fK , or(s) ^ 

In accords with trrtuwenuon^g replace desil ed soft and hard 

^edd^cay or tndireeay.0 grow, reproduce, an 

tissue in the body. ^ ze a* DNA. DNA arrays 

™ «* « * rjri- in .he a* ™ geoe-ic mareriai 

(biochips) and oiher DNA seo.uenc.ng metho activator 
can ^aes a ge M or genes a»,or *- _ ^ ^ fc ^ can h 

1S ulUto d ro act.va.e — m - ^ of ^ 

artificial produced, or can come ft-. * ^ ^ „ 

Generic ma,eria., S we„cor,er^ ^ ^ ^ 

(ey) , to mouse small ey gene (P»-6). and d> 

homologous. havc anachedapromo l er(agrowmfac.or).oaspecir,c 
Transgenic arumals have anache ^ > ^ p(0teiI1 . Fo r example, 
gene . The resu.tant initiation of uanscnpt.on ^ ^ specfflc 

human grow* hormone can be p— ^ „ , prono ,er tha, ,s 

To produce the protern ^ ptoducmg ^oter-gene pa. is insened 

f „„nd only in liver .issue. On« r* *-«P 

m ,„ to genome, albumm is produced by firmr g ^ ^ fcy , 

me initiation of yeastand s called GAL 4. GAL4causes 

transcriptional activator which is for ey e —n in a fly is ey 

Ussue specific expression in fl.es. „ ^ « eye. Two sers of fl.es 

( e,e,ess). A grow* factor is ^"^^ ^ 

30 mature to produce flies each havmgd« eyeless g 
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• f all kinds has created an Minute range of genetic 
Genomic engineenng of ^ ^ ^ ^ recombimnt DNA. 

possib.lil.es for ^plants and growth factors |* ^ 

Cis position and U^s posK.cn genes are po ^ ^ ^ ^ 

allow DNA with DNA. RNA w.u^ ^ factors are DNA-binding 

con,^ of nnc.eot.des to fc« RNA ^ ^ ^ ^ ^ ^ ^ o( genetlc 

proteins to, control gene act.v.ty. Trans ^ ^ . $ ^ , 

nation. Dunng translarton. the se,u ^ ^ ^ product 

corresponding sequence of amino acds to form 

Termination codons signal the end of """V ^ expiessi0 „ vector can be 
« RNA (or DNAK ^ ^ ^ ^ ^ ^ 

geneucal.y manipulated or product Tne term 

mitochondrial DNA. on locatmg , jsolatmg, attaching, 

Genomic manipulation can also* ^ ^ ^ ^ ^ ^ 

^ maculating stogie mokcu.es. For ex . ^ ^ ^ ^ ^ 

toough atomic force microscopes) has be ^ me ^ ^ 

phosphate (NTP) ma, me RNA molecule needed f 

atomic ieveis are important i» gene^ ^ ^ ^ ^ ^ ^ 
Genetic engineer an cre» < J As used herein, 

to desired manners and produce „ conBol te flow of maher and/or 

genetic engiheering can crea,e materials th* * or other physical means 

energy-hadeHbera.ewaybyspa.iaUemporal.phys 

* « in COmbUO " 0 "- , oreans can a.so be produced by the process of 

Desired tissues and organs can 

nucleation. a gene or a bit of genetic material 

Genes controi structure and ofter genes „ cornet a 

' mayactasamas.con.o.gene^^ Per 

example, in Drosophda, the ey g 
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rmte a myriad of genetic possibilities, a 

combinations, and Oogenic or morpbog ^ ^ ^ proWeration 

C„a,p 1 «. i ssu«^; ^ ^ ftctors wtlic hare 

^difrerentvation This orderly process . ^ surface recep ,ors on thetr 

^.oca,,,^^ cellar even, by mg g= 

target celKs). ^ , ck t0 ceUs , and white blood cells stick to 

Cells stick together, viruses ^ ^ ^ |Ws can measure 

„, eva.ua,e the "stickutess of cell ^ p , acmg a soft 

genetic implan* » ~ ™ ,„ to ^er, an additional hear, could 

tissu e implant * or on a « of » ^ ^ ^ ^ m new ^ can 

be grown from a generic m*» °n ^ ^ venous 

be the bod/s primary heart and the o.d to* ^ „ ^ 

or atrial coupons, si. rn soft o, hard tissue. 

^ organ can * P»*«- " ^ curs0I «. and .ater split u, - 

Genetic implant can form a srng. P 
* the ET gene causes two eyes to form from a stngle 
For example, the fci g h as stem cells ana gcnmu~ 

Mu Uifac,o ri alandnonspe^ < ^ ^ ^ once „ 

«„ provide 0* necessary in vivo and - ' Lac ewise, any host cel., 

Coned oil. cutoed cell, or cell wou. hfflnans ^ anrmals. These 

geK switches can also be used m cuUu ^ ^ 

Cellular products and their den ^ ^ ^.^y or 

can cw and insert new genes into c|— «s . ^ ^ 

0 egativ«,y con.0, genetic ^'2^^^'^^ 
fmgerprints can be used as implant ma^s 
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• a ,nd utilized as needed Receptor sites can 
asrecC ptor sues can be genially en^ed and 

a,so be in the nucleus of cells. y ^ ^ host enVir0 nment. 

Genetic implant preferably mtegra ^ 

^ human genomes (and perhaps 
Murine and human g 

CODS , d eraH, — atthe 

ta early too* gen*. bor*morobog P ^ ^ ^ ^ 

session of -he h«*» — „ pstream geo es. 

wjlh me eyeless gene in Drosoplnla may be co ^.^-mesenchymal 
^non^boxconUininggeneMHox^^ ^ ^ 

actions retired for skele*. organ^ne- ^ 

is requi red for ear* even, of ske,et„ g «*» » « P ^ ^ ^ ^ , deM , fied . 

^ homeobo* gene conirolltng * * „ organ at «hed can 
Organs.ajolncapsule,a«game«,oraUg 

Genes may also play P ' ^ organoids . 

Gap junction proteins permit m 
,„ ee„s ana puy^runf ro.es ^go = - ; 

UmO^-- ^ genera „ 0 n and 

MS X-! - MSX, - - -£Z£ fce patient - - 
,k a sample of skin tissue .s removed m ^ are stored 

groW *ofatooth. ^^L s \ are removed from skin tissue cells. T* i 
a „dMXS-2homeoboxgene(s)«' 

25 in an appropriate «*« ^ of oans crip,ion are opined from P^ 

25 Germinal cells in *e process o ^ ^ adjace0 , fce 

by biopsy or surgical excision. * mse cells are select 

^ of Ote immature forming root oU Pj- ^ ^ ^ ^on 
£, are active,, — - £ ~ 6eroin a, cells are placed 

30 factors which facmtate -he formauon o 
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.i.nt'<hodv The homeobox genes 

MSX ., which is preset pretty 9S.6 

cultu re is maintained a, an ^ geoes MSX-1 and MSX-. a. 

Agrees F, but can be varied as des* d ^ ^ ^ ^ bind with 

inscription factors. * ™* ceils were harvested. 

al che tooth srte from winch the 

Example . . ^ ^ to the receptor sUe on the transcription 
.geneUcaiiyenemeeredbWuigsneforatuching 

, ""^I^e germinal ceils are obtained from soft 
EMmp ,e 1 is repeated, exce . « * 1^ ^ ^ ^ ^ rool 

periodonta! ligament tissue irnmedia <*j£ they are ac.vely transcribing root 

° f • — ; ,o :i z £ - — — * b fac,uu,e te forroauon 

structure and contain active gru 

„f the tooth germ EYAMPJjU 

^^^^omeohox genes are provided -* 
Example 1 is repeal , « * ^ on ^ 

a genetically engineered binding site for auadnng 
factor. Similar results are obuined 

«nes tot conttot the generation aad 
MSX , and MSX-, are the - Md fc MSX . , 

g row*ofatoo*. - - ~ lissuc cell , A tooth is removed 

5 Id MXS-2 homeohox gene(s) are * ^ ^ ^ r00l sml cture 

from the mouth of a patient. The tooth m ~ ^ ^ me homeobox 

Tra nscrip.ion was occurring at the apex o ^ ^ „ 

vr^Y 1 and MSX-2 are placed at ^ *~ d express 

genes MSX-1 and bind with the transenpuon factor^ 

extracting of the tooth. The genes 
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, c cascade .o form early tooth gem, Tl- P-W "*» 
themselves .0 begin the geneuc cascade 

«d except to. to K— *« * eIKS l""*" 4 ™* 
5 "rt'^L, to to recep,or s,,e on the transcription 
a generally engineered bindmg rte for awning 
fact or. S^arresuhsareoburneo.^^ 

< . Mated except tot prior to bunion of to bomeobox genes 

« 5 ,S h Jot f to ooa, socket is loosened to expose bone 
tote tooth socket, tissue on to bo-om of to. o 

B anscri P t,on factor a. e.r,.o ac,i = - 

« S,s repeated. - to— ion — * 

MSX , and MSX-2 genes. 

^ensrepea.ed.excep.to.BMP^BMP^ow.fac.orsare 

^b.recotnbtontornan^a.e^- 

^T^x e enes that control to generate and 
MSX , and MSX, are "^ZZ- * — - *" ^ 

* a ^c:;:: J*-* 4 

andMXS^homcoboxgeD^areremo 

in an appropriate nutrient culture — factors m obtained by recombinant or natural 
BMP-2 and BMP-4 growth factors ar 

but ordinarily is between 40 10 102 degrees F 
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MXS-1 and MXS-2 transection factors are obtained which will iruuate the 

~t th* MYS-1 and MXS-2 homeobox genes, 
expression of the MXS 1 and ma 

The MXS-1 and MXS-2 transcription factors, HMr 

« MX c , and MXS-2 genes are added to the nutrient culture 
morphogenic proteins, and MXS-1 and ma* b 



medium along with the living stem cells 

pv AMPLE 12 
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Example U is repeated except that the transcript.cn factors bind to a 

receptor complex in the stem cell nucleus. 

EXAMPLE!! 

Example 1. .s repeated except « -* MXS, and MXS-2 uanscriptton 

• <• mys 1 and MXS-2 homeobox genes is 
factors are not utilized. The transcription of the MXS-1 and M 

wtrir .nark to the nutrient culture medium, 
activated by applying an electric spark to in 

EXAMPLES 

Example 13 is repeal except that me «em cells are starv* and tne 
ms l homeobox genes is ac,,v at ed by applytng an 

transcription of the MXS-1 ana mm 

dectric spark totbenumen. culture mediun, 

.pax «enes are obtatned from a sample of skin t.ssue is removed 

^binant or natural extraction frombo- ^ ^ ^ o( ^ 

Uviog stem ce.ls are ^ b ^ ^ ^ 

— • 01 ft °r 1 "^"1" r— — - * — 

medium at 98.6 degrees. The temperatur 

- — y :;; « sr- — - - bmps - added 

. tfe — -re medium aiong witb - * gem Is —ted „ 

A primitive kidney germ is produced. 
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Ac the kidnev grows, its blood supply will be 
the patient's body near a large artery. As the kidney g 

derived from the anery. 

pv AMPLE 16 

The g «e is ob.aU*a ,ro m a samp.e of *in ,ssue U *« 

A primitive eye germ is producea. 

. a, the kidney grows, its blood supply will be derived 
patient's body near the optic nerve. As the kidney g 

from nearby arteries. 

.o a posUion aa ja ce ^, ^ ' ^ ^ Mpply ^ .e 

germ. The eye germ matures into an eye wm 

maxillary artery. can mclude any or any 

The term "cell nutrient culture 

, • „ th^ extracellular matrix; conventional ceu cu 
combinationofthefollowing: theextracel me ceU nutneDt culture can be two- 

andyor. a cell nutrient such as a vitamin. As such, the 
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darnens.onal. three dimensional, or sunply a nutnent. and ,s usef.1 in promotxng the 
processes of cellular differentiation, redifferentiation, differentiation, growth, and 

development. . 

As used herein, the term -physiological nutrient culture .s a selected 

med ia<s> to control and direct an event(s) in IWing host system(s) (e g cardiovascular. 

penary, musculoske.etal. etc.). organ(s>, tissue<s>. cell(s). A media ,s a fluid solution 

ge , or quasi-solid soultion (mechanical mtxture) which supports and directs norma 

growth, diviston, cellular aggregation, development of ceHular form, development of 
ggregate cellular form, secretions, etc whtch lead to the development of an organ A 
hy- logical nutrient cu.ture can arfec, macromolecule(s>. mo,ecu,e (S ,. atom(s). and 

111 partes) in said Itving chmgs. A physiolocia, nutnen, culture can utc^e 

null cu.ture. A physiological nutrient culture promotes ceUtuar surviva. and c*lar 

SPeC,nC "row, factors control ce.l grow., divis.on. di— n, mtgratto. 
smictur e function, and self-assembly . Grow, factors include chemical reguiators and 
structure, run particularly when mimicking the 

««* mMra ' eK " 8e0mC ' change a ce.rs content, shape, 

electrical, and/or statural forces on a cell. They can chang 

* • In ,«ence they can have a kaleidoscopic effect which is very 

or transplant. 
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Physical examinations can be done on any patient to ascertain applications 

of the inventions herein described. 

Genetic maniputauon .o any portion of a gene, genets) pro**, grow* 
factor, or ce„(s) whether taken from the pauent or from any other source can be done to 

be synthesized in any fashion. 

The extracellular matnx (ECM) may constantly change as a result of 

mechanical, endocrine, or genetic factors. 

A nutrient package's wall thickness can be two or less nanometers, or it can 
be any other thickness desired. Its wall can be fabricated from protein or from any other 
biological or synthetic material desired. 

An organ, as used hereu, consists of two or more ttnds of ussues jouttd 
into one structure that has a certain tast For examp.e, the hear, ,s an organ who job ,s 

L.andner™ tissue. Organ systems compnse groups of or g ans. A major ^ 
m th body , performed by each or g a„ system. For examp.e, the d.gest.ve system 
Uprises organs tha, enab.e the body to use to*. L*ewise, nervous system tnc.udes 
organs that cany signals from one area of the body to another. 

Genetic materia, comprising a portion of a gene, a gene, genes, a gene 
product (i e a composition a gene causes to be produced .ike, for exampie, an organ- 
product (i.e. , v ^intracellular matrix) can be used in 

Deducing growth factor), growth factor, or an ECM (extracellular m > 
producing grv PnrexamDle the vascular epithelial growth 

nr on the body to grow an organ or tissue. For example, tne 

an artery to grow. ^ . 0 js referred t0 her ein in connection wiU> any of the 

factor, or ECM m v.vo or ex v. o ^ 
implant techniques of the tnvenuon, « ^ understood 

growth factor, ECM, etc. 
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An artery is an organ from the circulatory system. An artery can be grown 
in the heart, legs, or other areas by injecting a gene or other genetic material into muscle 
at a desired site. Size, vascularity, simplicity of access, ease of exploitation and any other 
desired factors can be utilized in selecting a desired site. The gene is one of several 
known VEGF genes which cause the production of vascular endothelial growth factors. 
Several VEGF genes which produce vascular endothelial growth factors are believed to 
exist because nature intends for there to be several pathways (i.e. , genes) which enable of 
the production of necessary growth factors. The existence of several pathways is believed 
important because if one of the genes is damaged or inoperative, other similar genes can 
still orchestrate the production of necessary growth factors. VEGF genes are used by the 
body to promote blood-vessel growth. VEGF genes are assimilated (taken in) by muscle 
cells. The genes cause the muscle cells to make a VEGF protein which promotes the 
growth of new arteries. VEGF proteins can be made in a lab and injected into a patient 
intravenously, intraluminal^, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes 
growing a portion of an organ is desirable. For example, in some heart attacks or strokes, 
a portion of the heart or brain remains viable and a portion dies. An injection of a gene 
to form cardiac muscle and/or an injection of a gene to form an artery can be utilized to 
revive or replace the dead portion of the heart. The dead portion of the heart may (or may 
not) be used as a matrix while the new muscles and vessels grow. Thus, in this example, 
a partial new organ and is grown in a pre-existing organ. A pacemaker may (or may not) 
be necessary. A second injection of a gene may (or may not) be necessary to stop cardiac 
muscle growth once it is completed. Portions of organs throughout the body can similarly 
be repaired or replaced. It may be necessary to provide gene(s) or growth factor(s) 
sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an approbate 
gene or other genetic material is inserted in the selected area to grow a bone or other 
organ. 
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each cell in a cell sample of millions to be extracted in a few minutes, (3) is a tool for 
studying cell structure changes and sequencing DNA, (4) can identify the stages of 
morphogenesis, and (5) is based on a laser device called a VCSEL (vertically-cavity 
surface-emitting laser). Cells being analyzed with TBML do not have to be killed and 
5 stained, as cells normally do for typical laboratory analysis. 

Stem cells associated with the central nervous system differentiate to 
multiple fates: neurons, astrocytes, and oligodendrocytes. The differentiation of these 
stem cells is influenced by extracellular signals. For example, platelet-derived growth 
factor is known to support neuronal differentiation. In contrast, ciliary neurotrophic factor 

10 and thyroid hormone T3 act on stem cells to generate astrocytes and oligodendrocytes. 

Pax genes are key regulators during organogenesis of kidney, eye, ear, 
nose, limb muscle, vertebral column and brain. 

The extracellular matrix (ECM) is a dense, fibrous network of proteins and 
sugars forming a complex natural environment surrounding individual cells or groups of 

15 cells. Components of the matrix, including proteins such a laminin and fibronectin, bind 
to specific molecules called integrins on the cell surface. Through these integrins the 
matrix sends cells various signals that regulate what genes are active. These signals 
ultimately influence whether cells proliferate, specialize, migrate, or even eliminate 
themselves. The ECM has the ability to command cells to use particular, tissue-specific 

20 genes. This allows the microenvironment outside of cells to confer tissue specificity. For 
example, capillary epithelial cells roll up to form normal blood vessels only if grown on 
the proper matrix molecules. 

A gene corresponds to a segment of the DNA that codes for the synthesis 
of a single polypeptide chain. The definition of a gene product, as used herein, is the 

25 polypeptide or ribosomal RNA coded for by a gene, i.e., which a gene causes to be 
produced. A gene product can include proteins, transcription factor(s), and/or RNA. For 
example, VEGF is a gene, while VEGF growth factor is a gene product. 

Genes, a gene, a portion of a gene, ECM, and/or a nutrient media can be 
inserted into a cell or groups of cells by direct insertion (for example, an apparatus like 

30 a micropipette), with a cell fragment (for example, a plasmid from a bacterium), with a 
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virus vector, liposome, by phagocytosis, with the help of pore-forming substance, 
electrically, chemically, or by any other desired technique of crossing the cell membrane 
to reach the nucleus or any other desired site in the cell. A gene(s) can be transferred in 
the form of naked plasmid DNA. For example, an intramuscular injection can be made 

5 of plasmid DNA encoding the secreted angiogenic growth factor such as vascular 
endothelial growth factor (VEGF). 

In accordance with one embodiment of the invention, a gene, growth factor, 
ECM (or other genetic material) and/or nutrient media is inserted into or onto the body 
at a specific location to induce and promote the morphogenesis and growth of an organ or 

10 desired organ sub-structure at that location. A desired organ sub-structure can comprise 
a cell, group of cells, neuron, dermis, Islet cells, etc. Also in accordance with the 
invention, a gene or other genetic material is inserted into or onto a cell or group of cells 
outside the body to induce and promote morphogenesis and growth of an organ or desired 
structure. Growth factors can also be utilized in combination with or in place of a gene. 

15 The resulting induced organ or other structure is transplanted to a desired location in a 
patient's body. 

Gene products can be inserted in a patient's body to produce an organ or 
other structure. For example, VEGF growth factor inserted in the body produces an 
organ, i.e., an artery. 

20 selected ECM compositions or other environmental factors can induce the 

morphogenesis of organs or selected organ sub-structures. As used herein, environmental 
factors include, but are not limited to, compositions which exert physical, mechanical, 
chemical, electrical, and/or structural forces on living cells. 

Another variant of the invention inserts a gene and a growth factor at a 

25 selected location or locations in the body of a patient to grow a selected organ or structure. 
As exemplified by cloning technology, an enucleated ovum is a viable growth factor. 
Other subunits of a cel. also qualify as growth factors. A gene and the extracellular matrix 
may also be inserted at a selected location or locations in a patient's body to grow an 
organ. Likewise, a growth factor and the extracellular matrix can be inserted in a patient's 

30 body to form an organ. 
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EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg A medical 
examination reveals a damaged one inch long section of a large artery in his left leg. The 
examination also reveals that this damaged section of the artery is nearly completely 
5 clogged with plaque and that the wall of the artery is weakened. The weakening in the 
arterial wall makes attempting to clean out the artery risky and also makes it risky to 
attempt to insert a stent in the artery 

Recombinant cDNA encoded to combine with a cell ribosome to produce 
the human growth factor VEGF is assembled into a eukaryotic expression plasmid. The 
10 recombinant cDNA is from cDNA libraries prepared from HL60 leukemia cells and is 
known to cause the growth of arteries. The plasmid is maintained at a room temperature 
of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution 
at a room temperature of 76 degrees F. to produce an genetic carrier solution. The 

15 genetic carrier solution contains about 250 ug of the cDNA clones. A nutrient culture can, 
if desired, be utilized in conjunction with or in place of the saline carrier. Each clone is 
identical. If desired, only a single clone can be inserted in the normal saline carrier 
solution. The saline carrier solution comprises 0.09% by weight sod.um chloride in water. 
A saline carrier solution is selected because it will not harm the DNA clone. 

20 Two sites are selected for injection of the genetic carrier solution. While 

the selection of sites can vary as desired, the sites are selected at the lower end (the end 
nearest the left foot of the patient) of the damaged section of the artery so that the new 
arterial section grown can, if necessary, be used to take the place of the damaged section 
of the artery in the event the damaged section is removed. 

25 The first site is on the exterior wall of the artery on one side of the lower 

end of the damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower 
end of the artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 
30 0.25 milliliters of the genetic carrier solution is injected into the containment system at the 
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first site. 0.25 milliliters of the genetic carrier solution is injected at the second site inside 
the wall of the artery. Care is taken to slowly inject the genetic carrier solution to avoid 
entry of the solution into the artery such that blood stream will carry away the cDNA in 
the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery 
The MRI reveals new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg 
artery. The MRI shows that (1) at the first site a new artery is growing adjacent the 
patient's original leg artery, and (2) at the second site a new section of artery is growing 
integral with the original artery, i.e., at the second site the new section of artery is 
lengthening the original artery, much like inserting a new section of hose in a garden hose 
concentric with the longitudinal axis of the garden hose lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that 
the new artery growing adjacent the patient's original artery has grown to a length of about 
one inch and has integrated itself at each of its ends with the original artery such that 
blood flows through the new section of artery. The MRI also shows that the new artery 
at the second site has grown to a length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell 
nutrient culture can be included with the gene, the growth factor, the extracellular matrix, 
or the environmental factors. 

In any of the examples of the practice of the invention included herein, the 
concept of gene redundancy can be applied. For example, the Examples 1 to 14 
concerning a tooth list the genes MSX-1 and MSX-2. These genes differ by only two base 
pairs. Either gene alone may be sufficient. A further example of redundancy occurs in 
growth factors. Looking at the Examples 10 to 14, BMP4 or BMP2 alone may be 
sufficient. Redundancy can also be utilized in connection with transcription factors, 
extracellular matrices, environmental factors, cell nutrient cultures, physiological nutrient 
cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth 
factor, ECM, etc.) into the body to induce the formation of an organ. Similar inducing 
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materials inserted ex vivo into or onto a living cell in an appropriate physiological 
nurturing environment will also induce the growth of an organ. The VCSEL laser allows 
early detection in a living cell of a morphogenic change indicating that organ formation 
has been initiated. With properly timed transplantation, organ growth completes itself. 

5 During the ex vivo application of the invention, a gene and/or growth factor 

is inserted into a cell or a group of cells; an ECM or environmental factor(s) are placed 
around and in contact with a cell or group of cells; or, genetic material is inserted into a 
subunit of a cell to induce organ growth. An example of a subunit of a cell is an 
enucleated cell or a comparable artificially produced environment. In in vivo or ex vivo 

10 embodiments of the invention to induce the growth of an organ, the genes, growth factors, 
or other genetic material, as well as the environmental factors or cells utilized, can come 
from any desired source. 

F X AMPLE 19 

Genetically produced materials are inserted in the body to cause the body 
15 to grow, reproduce, and replace in vivo a clogged artery in the heart. This is an example 
of site-specific gene expression. A plasmid expression vector containing an 
enhancer/promoter is utilized to aid in the transfer of the gene into muscle cells. The 
enhancer is utilized to drive the specific expression of the transciptional activator. After 
the enhancer drives the expression of the transcriptional activator, the transcriptional 
20 activator transactivates the muscle/artery genes. Saline is used as a carrier. Cardiac 
muscle can take up naked DNA injected intramuscularly. Injecting plasmid DNA into 
cardiac (or skeletal) muscle results in expression of the transgene in cardiac myocytes for 

several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant 

25 human VEGF165, isolated from cDNA libranes prepared from HUSO leukemia cells, are 
assembled in a RAOTS expression plasmid utilising 736bp CMV promoter/enhancer to 
drive VEGF expression. Other RAOTS promoters can be utilized to drive VEGF 
expression for longer periods of tune Ou,er RAOTS recombinant clones of angiogenic 
growth factors other 0™ VEGF can be utilized, for example, fibroblast growth factor 

30 family, endothelial cel, growth factor, etc. Downstream from ore VEGF cDNA is an 
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SV40 polyadenylation sequence. These fragments occur in the RAOTS pUC118 vector, 
which includes an Escherichia coli origin of replication and the Beta lactamase gene for 

ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral 

5 pH physiologic saline at room temperature (or body temperature of about 37 degrees C). 
The syringe has a RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic 
surgery, direct injection of the needle without incision, or by any other desired means. 
The cardiac muscle immediately adjacent a clogged artery is slowly injected with the 

10 RAOTS construct during a five second time period. Injection is slow to avoid leakage 
through the external covering of muscle cells. About 0.5 ml to 1 .0 ml (milliliter) of fluid 
is injected containing approximately 500 ug phVEGF165 in saline (N = 18). The readily 
available off-the-shelf cDN A clones cause vascular growth which automatically integrates 
itself with the cardiac muscle. Anatomic evidence of collateral artery formation is 

15 observed by the 30th day following injection to the RAOTS construct. One end of the 
artery integrates itself in the heart wall to receive blood from the heart. The other end of 
the artery branches into increasing smaller blood vessels to distribute blood into the heart 
muscle. Once the growth of the new artery is completed, the new artery is left in place 
in the heart wall. Transplantation of the new artery is not required. 

20 Blood flow through the new artery is calculated in a number of ways. For 

example, Doppler-derived flow can be determined by electromagnetic flowmeters (using, 
for example, a Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) 
both in vitro and in vivo. RAOTS external ultrasound gives a semiquantitative analysis 
of arterial flow. Also, RAOTS angiograms or any other readily available commercial 

25 devices can be utilized. 

VEGF gene expression can be evaluated by readily available off-the-shelf 

polymerase chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted 
Beta-galactosidase sequence coupled to the simian virus 40 early promoter can be used. 
30 To evaluate efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from 
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Clontech of Palo Alto, California), which encodes Beta-galactos^e under control of 
CMV promoter/enhancer can be united. Other RAOTS products can be utmzed if 
desired. 

FY AMPLE 20 

A patient, a forty year old African-Americar, female in good health, has 
been nussung tooth number 24 for ten years. The space in her mouth in which her number 

24 tooth originally resided ,s empty. All other teeth except tooth number 24 are present 
in the pauenfs mouth. The patient destres a new tooth in the empty "number 24" space 
in her mouth. 

A full thickness mucopcriosteal flap surgery is utilized to expose the bone 
m the number 24 space. A slight ttssue reflection into the number 23 tooth and number 

25 tooth areas is carried out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing 
a #701 XXL bur (Dentsply Mtdwest of Des Plames, Illinois)(a #700. #557, #558, etc. bur 
can be utilized if desired) is used to excavate an implant opening or site in the bone. The 
unplan. opening is placed midway between the roots of the number 23 and number 25 
teeth The opening ends at a depth which is about fifteen millimeters and which 
approximates the depth of the apices of the roots of the number 23 and number 25 teeth 
Care is taken no. to perforate either the buccal or lingual wall of the bone. In addition, 
care is taken not to perforate or invade the periodontal ligament space of teed, numbers 

23 and 25. . 

An interrupted drilling technique is utilized to avoid overheattng the bone 

when the #701XXL bur is utilized to form tie implant opening. During a drilling 
sequence, the drill is operated in five secotK. increments and the handpiece is permuted 
,„ sull. Light pressure and a gentle downward stroke are utilized 1* bur is remove 
from the opening after the handpiece is permitted to sta... This sequence is repeated nnttl 
an imp.an« opening having UK desired depth is created. In the event a standard off-the- 
shelf implant drill is utilized, the foregoing technique is no. uulized and, tnstead, the 
manufacturer's recommended drilling technique is followed 
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c rreated 0 5 ml of EDTA (ethylene diamine 
Once the implant opening is created, . 

Th* PDTA solution is then washed on wiin »te 
for two mtnutes The EDTA ^ ^ ^ fonn ^ opemng . 

.he smear ,ayer which forms when the no ^ ^ ^ ^ ^ 

MSX-1 matro proletns. The resu on ^ sylinge 

^'"^"t^rr^. site to the mouth. Thegel 
l0 allow the need to he ben, when it . inserted » <* ^ preferably uull2 ed withrn 
l0S es having ouaHties after about two hours and ,s therefore p 

10 — «— -"7^^,^. is Piaced a, the bottom of ,e hnplant 

opening and 0.25 ml of gel ej ^ synnge 1S 

„ slowly removed from the imping £ - ^ ^ ^ rf ^ 

— » — " fie I — «ant operung. Cum tissue 
15 operung to the corona, aspect of the bone ^ ^ 

h drawn over the implant operung to close toe operung 

ahicon suture. ^^ otaabsorWbyli e patient, b^wito48 hours and 

t f b oI or adjacent the implant opening Within about „ (6) 
hinds MSX-1 proteins to bone in or auj* 
bmdS ^ . , , rtnth ic radiograpbically confirmed. 

20 months, the formation of a tooth is radiogr P 

25 hnpUnto^gSUniiarresultsare— ^ 

Examp ,e 21 is repeated, except a 0.09% ^solution is utUized as a 
carrier instead of the aigtaatege.. Sunilar results are obtatned. 
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EXAMPLE 23 



FY AMPLb 15 

Example 21 is repeated, except a MSX-2 gene is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

FY AMPLE 24 

Example 22 is repeated, except a MSX-2 gene is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

fy AMPLE 25 

Example 21 is repeated, except a PAX-9 gene is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

FY AMPLE 26 



FY AMPLb 20 

Example 22 is repeated, except a PAX-9 gene is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

FY AMPLE 27 

Example 21 is repeated, except a PAX-9 protein is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

fy AMPLE 28 

Example 22 is repeated, except a PAX-9 protein is utilized in place of the 

MSX-1 gene. Similar results are obtained. 

F Y AMPLE 29 

Example 21 is repeated, except at least one MSX-2 gene i, included in 
combination with the MSX-1 gene. Similar results are obtained. 

FY AMPLE 30 

Example 22 is repeated, except at least one MSX-2 gene is included m 
combination with the MSX-1 gene. Similar result, are obtained. 

FY AMPLE 31 
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Example 21 b repeated, except a. leas, one MSX-2 gene is tolrirf to 
common WW. MSX-1 gene along witn BMP2. BMP4. and BMP7 grovrth factors 

Similar results are obtained. 
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F XAMPLE 32 

Example 22 is repeated, except at least one MSX-2 gene is included in 
coronation with the MSX-1 gene along with BMP2, BMP4, and BMP7 growth factors 

Similar results are obtained. 

For the development of a tooth in accordance with the invention, an 
upstream initiator gene(s) and/or growth factor(s) inserted directly in vivo or transplanted 
into the body at a very early stage of morphogenesis is sufficient for tooth formation. The 
general approach delineated above for a tooth and an artery is appropriate for any organ 
or organ system. When an organ is grown ex vivo other regulator and/or signaling 
compositions can be utilized in addition to initiator genes (like MSX-1) and/or growth 
factors. During growth of a tooth, the genetically produced materials noted below can be 
utilized: 



Initiation 


Proliferation 


Morphogenesis 
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,„ the islets of Langerhans. the initiators «= ^ ISL1 ' NKX6A 

Other factors are theTGF family. Gastrin. .DX-.. PDX-1. INGAP, NeuroD. HNF3beta. 
IPF-1 helix-loop-helix protein Beta-2, etc 

' ,„ accordance with the invennon, s,.e preparation prior to me inserton of a gene 
a^or growth factor .nto the body can occur a. any select*, stte For example examples 
" stre preparation include debridement - a bum wound, the application of EDTA or c.tr.c 
acid <o a bone site, or any other desired site preparatton. 

AS used herein, genetic matenal includes a gene(s), a ponton of a gene, a growth 
factor(s), a gene produc(s). and/or ECM which tndividually or coUecnve.y runctton to 

cause the genesis and growth of an organ. 

FY AMPLE 33 

Example 18 is repeated except to. the patient is a 24 year old Caucasian 
ma ,e and the genetic carrier soiutton is mjected i*> two sites tn the right leg of me 
pattern. The firs, site is on the exterior wall on one stde of d* rtght leg artery. The 
econd site ,s tnside the wa,l of the right leg artery on the other s.de of the artery The 
rig h, leg anery is notched and is a normal healthy artery. Simtlar results are o tamed. 
, I a new section of artery grows integral with the ongina. right leg artery, and a new 
section of artery grows adjacent the original right leg artery. 

FY AMPLE 34 

Example 18 is repeated except that VEGF grow* factor is utthzed tn the 
genetic carrier solution in place of d* cDNA. Stmilar results are ohtatned. 

FY AMPLE 35 

Example 18 is repeated except tot the patient is a 32 yea, old Caucasian 
. n N A nroduces a VEGF growth factor which promotes the growth of vetns, 

section of vein grows integral with the ongtnal nght teg vetn, and 
grows adjacent the original right leg vem. 
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EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian 
male, and the genetic carrier solution is injected into two sites in the coronary artery of 
the patient. The first site is on the exterior wall on one side of the artery. The second 

5 site is inside the wall of the artery on the other side of the artery. A section of the artery 
is damaged, is partially blocked, and has a weakened wall. The first and second sites are 
each below the damaged section of the artery. Similar results are obtained, i.e., a new 
section of artery grows integral with the original artery, and a new section of artery grows 
adjacent the original artery. The new section of artery has integrated itself at either end 

10 with the original artery so that blood flows through the new section of artery. 

Having described my invention in such terms as to enable those skilled in the art 
to understand and practice it, and having described the presently preferred embodiments 
thereof, I Claim: 
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